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Skid Steer Drive Control System 



Related Applications: 

[0001] This application is related to U.S. Patent Application Ser. No. 

1 0/034,421 , filed December 28, 2001 , which is incorporated herein by reference 

for all that it teaches. 

Field of the Invention: 

[0002] The invention relates to electronic control systems of work vehicles. 
More particularly, it relates to electronically controlled drive systems for skid steer 
loaders. 

Background of the Invention: 

[0003] Skid steer vehicles such as skid steer loaders are a mainstay of 
construction work. In their common configuration, they have two or three drive 
wheels on each side of a chassis that are driven in rotation by one or more 
hydraulic motors coupled to the wheels on one side and another one or more 
hydraulic motors coupled to the wheels on the other side. 
[0004] The wheels on one side of the vehicle can be driven independently 
of the wheels on the other side of the vehicle, thus permitting the wheels to be 
rotate in opposite directions on opposing sides of the vehicle, thereby causing 
the skid steer vehicle to spin in place about a vertical axis that extends upward 
through the vehicle itself. 

[0005] The vehicles have an overall size of about 10 by 12 feet, which, 
when combined with their ability to rotate in place, gives them considerable 
mobility at a worksite. It is this mobility that makes them a favorite. 
[0006] Skid steer vehicles commonly have a loader or lift arm that is 
pivotally coupled to the chassis of the vehicle to raise and lower at the operator's 
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command. This arm typically has a bucket, blade or other implement attached to 
the end of the arm that is lifted and lowered thereby. Perhaps most commonly, a 
bucket is attached, and the skid steer vehicle is used to carry supplies or 
particulate matter such as gravel, sand, or dirt around the worksite. 
[0007] One of the disadvantages of traditional skid steer vehicles is their 
lack of a sprung suspension. The wheels that support the skid steer vehicle 
chassis are typically fixed with respect to the chassis. They do not move up or 
down with respect to the chassis, and hence the only shock-absorbing capability 
they provide is due to the compressions of the wheels. If solid wheels are used, 
however, they do not even have the compression to absorb impact and cushion 
travel over irregular terrain. 

[0008] As a result, skid steer vehicles have been constrained to move at 
relatively low speeds, seldom above 6 miles per hour, when moving over the 
irregular terrain of a construction site. Speeds much above this level would 
permit the vehicle to pitch and roll to a significant degree, w3hich might dump 
some of the load out of the bucket. 

[0009] Another reason unsprung skid steer vehicles are limited to low 
speeds is to give the operator a smoother ride. When skid steer vehicles are 
operated at speed much over 6 mph, the chassis bounces and rolls so much that 
the operator experiences a rough and unpleasant ride. 

[0010] In the last few years, however, manufacturers of skid steer vehicles 
have begun to add suspensions to their skid steer vehicles. These suspensions 
permit the skid steer vehicle wheels to move up and down with respect to the 
chassis. This configuration permits the skid steer vehicles to operate at higher 
ground speed than the common 6 mph, yet absorbs the ground impacts and 
terrain irregularities that might otherwise cause significant vehicle bouncing, 
bucket emptying and operator injury. 

[0011] Sprung suspensions do have some untoward effects on skid steer 
vehicle handling under certain operational conditions, however. Skid steer 
vehicles have a relatively compact wheelbase. They are loaded by filling a bucket 
and raising the bucket in the air above the operator's head. The loaded bucket is 
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not disposed at the center of the vehicle, its weight evenly distributed overall four 
wheels, but is typically cantilevered outward away from the vehicle at the front 
wheels. In addition to this, a sprung skid steer vehicle can roll and pitch to a 
much greater degree than an unsprung skid steer vehicle and can also travel at 
greater speeds over ground, including the irregular terrain of a work site. All of 
these factors combined could make a sprung skid steer vehicle handle poorly, 
especially if it carries heavy loads lifted high in the air, and travels at high (+6 
mph) speeds over rough terrain. 

[0012] Other arrangements have been proposed to resist the pitching and 
rolling of a sprung skid steer vehicle, for example, by restricting the free motion of 
the vehicle suspension in a variety of ways. While this is beneficial, it does 
require additional devices that increase the cost and complexity of the vehicle. 
[0013] What is needed, therefore, is a different system of reducing the 
pitching and rolling of a skid steer vehicle that limits the vehicle's turn rate. It is 
an object of this invention to provide such a system. 

Summary of the Invention: 

[0014] In accordance with a first embodiment of the invention, a control 
system for the drive and steering of a skid steer vehicle having a loader arm 
capable of carrying a load, the control system is provided, including (i) a means 
for sensing the amount of load and generating a signal indicative thereof; (ii) a 
means for sensing the height of the load and generating a signal indicative 
thereof; (iii) a means for sensing the speed of the vehicle and generating a signal 
indicative thereof; (iv) a means responsive to operator manipulation for 
generating an operator vehicle motion command; and (v) an electronic controller 
coupled to the means of (i), (ii), (iii), and (iv) above, to receive the signals and 
command therefrom and to generate a drive signal based upon the signals 
received from the means of paragraphs (i), (ii), (iii), and (iv). The drive signal 
may control the displacement of at least one positive displacement hydraulic 
pump. The drive signal may control the displacement of at least two positive 
displacement pumps. The two positive displacement pumps may include a first 
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positive displacement pump that is fluidly coupled to at least a first hydraulic 
motor rotationally coupled to and disposed to drive at least one vehicle wheel on 
the left side of the vehicle and at least a second hydraulic motor rotationally 
coupled to and disposed to drive at least a second vehicle wheel disposed on the 
right side of the vehicle. The means for sensing the amount of load may include 
a pressure sensor capable of measuring the pressure of a tire, the pressure of a 
loader cylinder, or the pressure of a suspension cylinder. The means for sensing 
the height of the loader arm may include a loader cylinder position sensor or a 
loader arm position sensor. The means for sensing the vehicle speed may 
include a wheel speed sensor, a hydrostatic motor speed sensor, a GPS 
receiver, a ground sensing laser, or a ground-sensing radar. The means 
responsive to operator manipulation may include a joystick or a left-hand drive 
lever and right-hand drive lever. The load sensor may include a sensor disposed 
to detect the pressure in a loader arm lift cylinder. 
[0015] In accordance with a second embodiment of the invention, a 
method of controlling the steering of a skid steer vehicle having a plurality of 
wheels mounted on the left vehicle side driven by at least a first hydraulic motor 
and a plurality of wheels on the right vehicle side driven by at least a second 
hydraulic motor, the vehicle further including at least a first hydraulic pump to 
drive the at least a first hydraulic motor and at least a second hydraulic pump to 
drive the at least a second hydraulic motor and an electronic controller coupled to 
the at least a first and at least a second hydraulic pumps to control their specific 
displacement is provided, the method including the steps of (i) receiving a signal 
representative of a vehicle load; (ii) receiving a signal representative of the height 
of at least a portion of the vehicle load; (iii )receiving a signal representative of 
the speed of the vehicle; (iv) receiving an operator-generated vehicle motion 
command; and (v) combining the signals of steps (i), (ii), and (iii), with the 
command of step (iv) to generate a drive signal. The vehicle further may include 
at least one loader having a first end and a second end, an implement coupled to 
the first end and a vehicle chassis coupled to the second end, and further 
wherein at least a portion of the vehicle load includes a load carried by the 
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implement. The method may include the step of applying the drive signal to a 
positive displacement hydraulic pump to control the displacement thereof. The 
step of combining the signals may include the step of derating the vehicle's 
response to the operator-generated vehicle motion command. The step of 
derating the vehicle's response may include the step of derating the vehicle's 
turning rate. The step of derating the vehicle's response may include the step of 
derating the vehicle's rate of acceleration. The step of derating the vehicle's 
response may include the step of derating the vehicle's rate of deceleration. 

Brief Description of the Drawings: 

[0016] FIGURE 1 is a side view of a skid steer vehicle in accordance with 
the present invention, showing the chassis, wheels, loader arm and bucket as 
well as the hydraulic actuators that move the bucket and the loader arms. 
[0017] FIGURE 2 is a hydraulic schematic diagram of the hydraulic drive 
system of the skid steer vehicle of FIGURE 1 , showing the two hydraulic pumps 
that drive four hydraulic motors that in turn are coupled to and drive the vehicle's 
four wheels. 

[0018] FIGURE 3 is a schematic diagram of an electronic control system 
including several sensors to indicate vehicle speed, bucket load and bucket (or 
loader arm) height, an operator input device to generate a command signal of a 
desired speed and direction of motion, and at least one electronic controller to 
monitor the sensor and input device signals and responsively control the 
displacement of the hydraulic drive pumps to control the vehicle speed and 
steering. 

[0019] FIGURE 4 is a flow chart illustrating the process of calculating the 
pump drive signal applied to the variable displacement hydraulic pumps that 
drive the motors. 

Detailed Description of the Preferred Embodiments: 

[0020] The discussion below describes the configuration of a skid steer 

loader having a differential drive system in which the wheels on each side of the 



5 



Atty. Docket No. 15316 



vehicle can be driven independently to each other. The loader has an electronic 
control system capable of electronically monitoring the skid steer loader's load, 
the height of that load, the speed the vehicle is going, and of responsively 
derating or reducing the drive system's response to operator commands. The 
electronic control system combines these sensor signals and, based on 
predetermined rules stored in the electronic control system, determines whether 
to and how much to derate the drive system. 

[0021] FIGURE 1 illustrates the vehicle overall showing its major 
mechanical and hydraulic components. FIGURE 2 illustrates the hydraulic 
circuit, including the motors driving the wheels and the pumps coupled to the 
vehicle's engine that supply fluid to the motors. The motors, in turn are 
connected to the wheels shown in FIGURE 1 to drive them and hence drive the 
vehicle over the ground. FIGURE 3 illustrates the vehicle's electronic control 
system, the sensors that gather data, the operator input device that the operator 
uses to control the direction and speed of the vehicle and the drivers that, in turn 
send a drive signal to the variable displacement hydraulic pumps that drive the 
vehicle hydraulic motors and hence its wheels. The electronics control system is 
programmed to read the sensors and calculate the drive signal applied to the 
variable displacement hydraulic pumps in a special manner that derates, reduces 
or attenuates the drive signal under certain circumstances when the load is too 
great, the load is too high in the air and the vehicle is traveling too fast. TABLE 1 
is a display of the circumstances under which the electronic controller derates or 
reduces its response when the vehicle is traveling too fast, the load on the bucket 
is too great or the bucket is too high. 

[0022] Referring now to FIGURE 1 , a skid steer vehicle 100 is illustrated 
having a chassis 102 to which four wheels 104 are coupled in fore-and-aft 
relation, two wheels on each side of the vehicle, each wheel being coupled to 
and driven by a corresponding hydraulic drive motor 106. 
[0023] A mechanical linkage is here exemplified as two loader arms or lift 
arms 108 which are pivotally coupled to the chassis 102 of the vehicle 100 at one 
end 1 1 0 of the arms. The other end 1 1 2 of the arms is pivotally connected to an 
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implement (herein shown as a bucket 114 that performs useful work. In the side 
view of FIGURE 1, only one arm 108 ean be seen. The other arm 108 is 
mounted on the other side of the vehicle in the same position as the arm shown 
in FIGURE 1. 

[0024] Two actuators, here exemplified as hydraulic lift cylinders 116 are 
coupled to and between the arms 108 and the chassis 102 of the vehicle to lift 
the arms 108 with respect to the chassis 102. Two additional actuators, here 
shown as a pair of hydraulic bucket cylinders 118 are similarly coupled to and 
between the bucket 1 14 and the loader arms 108 to pivot the bucket with respect 
to the loader arms. 

[0025] Each wheel and associated hydraulic motor is supported at a free 
end of a control arm 120. There are four control arms 120, each pivotally 
coupled to the bottom of the chassis 102. Two forward control arms 120 (one 
shown here) extend forward on either side of the chassis 102 and support the 
front two wheels. Two rear control arms 120 (one shown here) extend backward 
on either side of the chassis 102 and support the two rear wheels. These four 
control arms are sprung and suspend the wheels. Details of the control arms and 
the suspension, generally, can be found in co-pending U.S. Patent Application 
Ser. No. 10/034,421 ( "the '421 Application"), filed December 28, 2001, which is 
incorporated herein by reference for all that it teaches. 

[0026] While the actuators shown here are hydraulic cylinders, they may 
be electric, hydraulic or pneumatic actuators. The mechanical linkage shown 
here as a pair of loader arms may be one or more loader arms in any 
combination of bars or mechanical links that is configured to lift or lower the 
implement. The implement, shown here as bucket 1 14 need not be a bucket, but 
may be any implement coupled to the end of the mechanical linkage to perform 
work. 

[0027] In FIGURE 1 the vehicle is supported on four wheels, each of which 
is driven by a corresponding individual hydraulic motor. While this arrangement 
is preferred, other arrangements are also considered satisfactory, such as two 
motors, one for each side of the vehicle that are coupled to one or more wheels 
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on each side of the vehicle. There may be six or eight wheels. The wheels may 
be pneumatic or solid. They may be metal, rubber or plastic. Some or all may 
be driven. A track may extend around the wheels to form a tracked drive. 
[0028] The illustrated motors are preferably hydraulic. In the alternative, 
they may be electrical or pneumatic. The motors are directly coupled to the 
wheels they drive. They may also be indirectly coupled through shaft, gear, belt, 
chain and gearbox arrangements that extend between the motor and the wheel 
or wheels to which the motor is coupled. 

[0029] FIGURE 2 illustrates a preferred vehicle drive system 200 for the 
skid steer loader 100. The drive system 200 includes the four wheels 104 
rotationally coupled to the four corresponding hydraulic motors 106. The two 
motors on the left side of the vehicle are coupled together in series with a 
variable displacement hydraulic pump 202. The two motors on the right side of 
the vehicle are coupled together in series with a variable displacement hydraulic 
pump 204. Pumps 202 and 204 can drive motors 106 both forward and 
backward, depending on the direction of fluid flow through the pumps. 
[0030] The two hydraulic pumps 202 and 204 are coupled to internal 
combustion engine 206 of the vehicle which drives the pumps in rotation. The 
speed and direction of the wheels' rotation can be changed by varying the 
displacement of pumps 202 and 204. The pumps include integral electronic drive 
circuitry responsive to pump drive signals provided on signal lines 208 and 210, 
respectively, that change the displacement and direction of flow of fluid through 
the pumps under electronic control. Details of a preferred hydraulic drive system 
can be found in the '421 Application. 

[0031] When both the pumps have the same displacement and fluid flow is 
in a forward direction, the motors on both sides of the vehicle are driven at the 
same speed and the vehicle travels straight forward since they are driven at the 
same speed by engine 206. When both the pumps have the same displacement 
and fluid flow is in a reverse direction, the motors on both sides of the vehicle are 
driven at the same speed and the vehicle travels straight backward. 
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[0032] When the displacement of the motors is different, but flow is in the 
same direction (either forward or reverse) the wheels on each side turn at 
different speeds, skid somewhat, and the vehicle turns toward the side with the 
slower moving wheels. 

[0033] When the displacement of the wheels is generally the same and the 
direction of flow is forward through the motors on one side and reverse through 
the motors on the other side, the wheels on opposite sides of the vehicle turn in 
opposite direction, skid significantly, and the vehicle rotates about an axis that 
extends through the middle of the vehicle. 

[0034] The vehicle's electronic control system provides all these modes of 
travel in response to the operator's manipulation of an operator input device, 
such as a joystick, by which the operator indicates his desired direction and 
speed of travel. FIGURE 3 illustrates the electronic control system in more detail. 
[0035] The electronic control system 300 includes an electronic controller 
302 which is comprised of one or more individual microcontrollers or 
microprocessors that are networked over a serial communication bus such as a 
CAN bus (not shown). Details of a preferred multiprocessor arrangement of the 
electronic control system for a skid steer vehicle can be found in the '421 
Application. 

[0036] There are several sensors connected to the electronic controller 
302 that provide the electronic controller with data indicating both vehicle load 
and the relative height of the load with respect to the chassis 1 02 of the vehicle. 
[0037] The first of these sensors is load sensor 304. In the preferred 
embodiment, this sensor is a pressure sensor in fluid communication with the 
loader lift cylinder to generate a signal indicative of fluid pressure in the cylinder. 
As the load increases in the bucket, the hydraulic fluid pressure required to lift 
the bucket increases. The pressure in the hydraulic lift cylinders therefore 
indicates at least in part the load placed in the bucket. The particular relationship 
of pressure to bucket load depends of course upon the particular configuration 
and arrangement of the loader lift arms supporting the bucket. In an alternative 
embodiment, the load sensor can be a pressure sensor coupled to a suspension 
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cylinder. See, for example, the suspension cylinders of the '421 Application. The 
load sensor can alternatively be a pressure sensor coupled to a pneumatic tire of 
the skid steer loader to sense tire pressure. 

[0038] The second of these sensors is a position or height sensor 306. In 
the preferred embodiment it is a sensor coupled to one of the lift cylinders to 
generate a signal indicative of lift cylinder extension. It may include a rotary 
position sensor or a linear position sensor coupled to the moveable structure of 
the lift arms or any other portion of the linkage. It may include a non-contact 
sensor such as a proximity sensor that generates a relative position signal that is 
based on capacitance or inductance. It may include a radiation sensor such as 
an ultrasonic, radar, or laser sensor that measures distance. It may include a 
flow sensor indicating fluid flow into or out of a hydraulic cylinder or other 
actuator that is related to the actuator position, such as a flow sensor coupled to 
the lift cylinder. Or it may include a sensor responsive to remote signals 
correlated to height, such as such as a GPS or barometric pressure sensor. 
[0039] Electronic controller 302 is also coupled to an operator input device 
308 that is manipulate by the operator to signal a desired direction and speed of 
travel. Device 308 is preferably a joystick. The joystick generates two signals, a 
first signal indicating the deflection of the joystick along a fore-and-aft axis 
parallel to the fore-and-aft axis of the skid steer vehicle, and a second signal 
indicating the deflection along an orthogonal side-to-side axis parallel to the side- 
to-side axis of the skid steer vehicle. 

[0040] Generally speaking, the operator indicates his desire to go straight 
forward or straight backward by moving the joystick straight forward or straight 
backward, respectively, with no deflection of the lever in a side-to-side direction. 
The operator indicates his desire to turn to the left or the right by moving the 
joystick side-to-side along the lateral axis of the joystick (i.e. to the right or to the 
left). 

[0041] Electronic controller 302 is also coupled to a speed sensor 31 0 that 
generates a signal indicating the fore-and-aft velocity of the skid steer loader. 
Speed sensors may be wheel speed sensors disposed to sense the speed of 
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wheels 104, hydrostatic motor speed sensors disposed to sense the speed of 
motors 106, GPS receivers, lasers, or ground -sensing radars on the vehicle and 
disposed to sense the speed of the ground with respect to vehicle 1 00. 
[0042] The electronic control system 300 is therefore configured to receive 
signals indicating the speed of the skid steer loader, the height of the load above 
the skid steer loader, the amount of load on the skid steer loader, and the 
direction and speed of travel desired by the operator. 

[0043] In one common arrangement, the left-hand and right hand levers 
include rotary sensors that generate a signal proportional to the degree of 
rotation of the levers. When the operator pushes the left lever forward, a signal 
indicating that degree of rotation is sent to controller 302. Controller 302, in turn, 
generates a pump drive signal proportional to the degree of deflection and 
applies it to associated drive pump 202. The drive pump responsively increases 
its displacement. Controller 302 scales the signal from the lever such that the 
speed of rotation of the wheels is proportional to the degree of deflection of the 
lever. This is the basic or standard drive pump signal that controller 302 further 
attenuates in response to the height or magnitude of the load and the vehicle 
speed. 

[0044] While the paragraph above describes a typical method of 
generating a pump signal in response to lever or joystick movement, it is by no 
means the only possible method. What is significant about the present device is 
that it attenuates this basic or standard signal in response to certain changing 
conditions and not the way the basic or standard drive signal is calculated. 
[0045] The standard pump drive signal calculated above is reduced or 
derated under certain operating conditions. If the vehicle is going forward or 
backward at too high a speed, if the load on the vehicle (e.g. the bucket load) is 
too great, and if the vehicle load (the bucket load) is too high in the air, the 
electronic controller is configured to reduce or derate the standard drive signal by 
a predetermined amount. By reducing the drive signal, the speed at which the 
vehicle travels, how fast it turns, and how fast it accelerates or decelerates is 
reduced. 
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[0046] Electronic controller 302 combines the speed, load and load height 
signals in accordance with a set of predetermined rules to reduce or derate the 
drive signal. The rules by which electronic controller 302 calculates the reduction 
in the drive signal may be internally expressed in equation form, as lookup tables 
or as a combination of the two, for example. 

[0047] These rules and the amount they reduce the drive signal are 
illustrated in TABLE 1 , in which the first column identifies the rile number, the 
second column indicates the condition or test that controller 302 tests for, and 
columns 3-8 indicate the control action taken by controller 302 if the condition or 
conditions of column 2 are met. 

[0048] In TABLE 1 , the third column indicates the percentage reduction in 
the rate of steering (both to the left and to the right). The fourth column indicates 
the reduction in forward acceleration. The fifth column indicates the reduction in 
backward acceleration (also known as deceleration, negative acceleration, or the 
rate of slowing down). The sixth column indicates whether the controller locks 
out FNR operation. By locking out FNR operation, the system prevents the 
vehicle from immediately reversing direction of movement when the vehicle is 
moving forward and the operator rapidly moves the manual position and speed 
controls from a position indicating forward motion to a position indicating reverse 
motion, and when the vehicle is moving in reverse and the operator rapidly 
moves the manual position and speed controls from a position indicating reverse 
motion to a position indicating forward motion. 

[0049] The seventh column indicates whether controller 302 locks out 
vehicle counter-rotation, and the eighth column indicates whether controller 302 
limits the vehicle to a maximum speed. 

[0050] The term "Ground Speed" in TABLE 1 below refers to the speed of 
the vehicle measured by the speed sensor. The term "Bucket Load" refers to the 
load on the bucket measured by the load sensor. The term "Bucket Height" 
refers to the height of the bucket as measured by the height sensor. The term 
"Joystick Position" refers to the position of the operator input device as a 
percentage of its full range of travel. 
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AND 


100 


75 


75 


N 


N 


N 




Bucket Height = 0-2.5 ft 














39 


Ground Speed = 0-3 MPH AND 
















Bucket Load > 1200 lb AND 


100 


50 


70 


N 


N 


N 




Bucket Height = 0 - 2.5 ft 














40 


Ground Speed = 0-3 MPH AND 
















Bucket Load = 0- 600 lb AND 


100 


75 


75 


N 


N 


N 




Bucket Height = 2.5 - 5 ft 














A 1 

41 


Oround bpeed — U - 3 MrH AND 
















Bucket Load — (J - 600 lb AND 


AA 


CA 

50 


70 


XT 

N 


XT 

N 


N 




Bucket Height > 5 ft 














42 


Ground Speed = 0-3 MPH AND 
















Bucket Load = 600 - 1200 lb 

a \tf\ 

AND 


1 AA 
100 


75 


'if 
75 


XT 

N 


XT i 


XT 

N 




Bucket Height = 2.5 - 5 ft 














43 


Ground Speed = 0-3 MPH AND 
















T"» 1 a T J f f\t\ 1 '"S r\f\ 11 

Bucket Load - 600 -1200 lb 
AND 


90 


50 


70 


N 


N 


N 




Bucket Height > 5 ft 














44 


Ground Speed = 0-3 MPH AND 
















Bucket Load >1200 lb AND 


100 


50 


70 


N 


N 


N 




Bucket Height = 2.5 - 5 ft 














45 


Ground Speed = 0-3 MPH AND 
















Bucket Load >1200 lb AND 


90 


50 


70 


N 


N ! 


N 




Bucket Height > 5 ft 
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A& 


orouna opeea — d - o ivirii ainu 
















bucket Load — U - 600 lb AND 


1 AA 

100 


1 AA 

100 


1 AA 

100 


XT 

N 


N 


N 




Bucket Heignt - U - 2.3 it 














ai 


orounu opeea — d - o M"ri aind 
















T~» - 1 j. T J x/\A i i-\r\r\ ii_ 

Bucket Load = 600 -1200 lb 
AND 


100 


75 


75 


N 


N 


N 




Bucket Height = 0 - 2.5 ft 














48 


Ground Speed = 3-6 MPH AND 
















Bucket Load >1200 lb AND 


100 


50 


70 


N 


N 


N 




Bucket Height = 0 - 2.5 ft 














49 


Ground Speed = 3-6 MPH AND 
















Bucket Load = 0 - 600 lb AND 


100 


75 


75 


N 


N 


N 




Bucket Heignt — 2.5 - 5 It 














so 

jU 


orouna opeea — j - o JVirri ainu 
















Bucket Load — U - oUU lb AND 


fiA 


CA 
50 


/O 


XT 

N 


XT 

N 


3 




Bucket Height > 5 ft 














51 


Ground Speed = 3-6 MPH AND 
















Bucket Load = 600 - 1 200 lb 
AND 


1 AA 

100 


75 


75 


Y 


Y 


XT 

N 




Bucket Height = 2.5 - 5ft 














32 


LirounO opeeCl — J - 0 Mrri AiND 
















Bucket Load = 600 -1200 lb 
AND 


90 


50 


70 


N 


N 


3 




Bucket Height > 5 ft 














53 


Ground Speed = 3-6 MPH AND 
















Bucket Load >1200 lb AND 


1 AA 


CA 

50 


70 


XT 

N 


XT 

N 


3 




Bucket Height = 2.5 - 5 it 














*\A 


firm in r\ Cn^/srl — 1 A A/fPT-T A MH 

tjTouna opeea **- o - o ivir ri ajnjj 
















Bucket Load > 1 200 lb AND 


90 


50 


70 


N 


N 


3 




Bucket Height > 5 ft 














55 


Ground Speed = 6-12 MPH 
AND 
















Bucket Load = 0- 600 lb AND 


75 


85 


85 


Y 


Y 


N 




Bucket Height = 0 - 2.5 ft 














56 


Ground Speed = 6-12 MPH 
AND 
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Bucket Load = 600 -1200 lb 
AND 


75 


75 


75 


Y 


Y 


N 




Bucket Height = 0 - 2.5 ft 
















Ground Speed = 6-12 MPH 
















Bucket Load >1200 lb AND 


75 


50 


70 


Y 


Y 


N 




Bucket Height = 0- 2.5 ft 














•J V 


Ground Speed = 6-12 MPH 
















Bucket Load = 0- 600 lb AND 


75 


50 


70 


Y 


Y 


6 




Bucket Height = 2.5 - 5 ft 














59 


Ground Speed -6-12 MPH 
AND 
















Bucket Load - 0 - 600 lb AND 


75 


50 


70 


N 


N 


3 




Bucket Height > 5 ft 














60 


Ground Speed = 6 - 12 MPH 
AND 
















Bucket Load = 600 - 1200 lb 
AND 


75 


75 


75 


Y 


Y 


6 




Bucket Height = 2.5 - 5 ft 














.61 


Ground Speed = 6-12 MPH 
AND 
















Bucket Load = 600-1 200 lb 
AND 


75 


50 


70 


• N 


N 


3 




Bucket Height > 5 ft 
















Ground Speed = 6-12 MPH 
















RnrW* T r»nH >1900 IK AND 


75 


SO 


70 


Y 
i 


Y 

2 


f. 


















63 


orouna ^peeu — o - iz ivi.rri 
AND 
















Bucket Load >1200 lb AND 


75 


50 


70 


N 


N 


3 




Bucket Height > 5 ft 














64 


Ground Speed > 12 MPH AND 
















Bucket Load = 0- 600 lb AND 


50 


75 


75 


Y 


Y 


N 




Bucket Height = 0 - 2.5 ft 














65 


Ground Speed > 12 MPH AND 
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Bucket Load — oUU -lzUU lb 
AND 


50 


75 


75 


Y 


Y 


N 




Bucket Height = 0 - 2.5 ft 














66 


Ground Speed > 12 MPH AND 
















Bucket Load >1200 lb AND 


50 


50 


70 


Y 


Y 


N 




Bucket Height = 0 - 2.5 ft 














67 


Ground Speed > 12 MPH AND 
















Bucket Load = 0- 600 lb AND 


50 


75 


75 


Y 


Y 


6 




Bucket Height — 2.5 - 5 it 














Oo 


HrminH <snf»f»H > 1 9 MPH AMH 
oruunu opccu ^ 14 ivi.rri /\inl/ 
















T^iir»V^t T aciH — C\ Ann IK AXTH 

oucKei Loaa — u - ouu id /vinu 






l\J 


IN 


In 


1 
D 




Bucket Height > 5 ft 














69 


Ground Speed > 12 MPH AND 
















Bucket Load = 600 -1200 lb 

AINU 




ik 




v 


v 


0 




DUCKet rieignt — z._> - j it 














70 

'V 


firnnnH SnppH > 1 7 MPH ANT") 
















DUCKet Load — oUU -1AHJ lb 
AND 


50 


50 


70 


N 


N 


3 




Bucket Height > 5 ft 














71 


Ground Speed > 12 MPH AND 
















Bucket Load >1200 lb AND 


50 


50 


70 


Y 


Y 


6 




Bucket Height = 2.5 - 5 ft 














72 


Ground Speed > 12 MPH AND 
















Bucket Load >1200 lb AND 


50 


50 


70 


N 


N 


3 




Bucket Height > 5 ft 















[0051] FIGURE 4 illustrates the process performed by electronic controller 
302 when it responds to operator manipulation of the operator input device 308, 
calculates the pump drive signal and attenuates or derates this signal in 
accordance with the rules of TABLE 1 . 

[0052] In block 400, controller 302 is programmed to read the position 
signal generated by operator input device 308 that indicates the position of the 
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operator input device 308. Whether input device 308 is a joystick, multiple levers 
or some similar device, it generates a signal defining a commanded speed and 
direction and degree of turning of the vehicle. Controller 302 reads these signals 
and saves them for use in computations. 

[0053] In block 402, controller 302 reads the speed signal indicative of the 
speed of the vehicle that is generated by speed sensor 31 0. Controller 302 
saves this speed signal for use in later computations. In the event there are two 
or more speed sensors, controller 302 may read them and combine them to get a 
more accurate indication of vehicle speed. 

[0054] In block 404, controller 302 reads the height signal generated by 
height sensor 306 that indicates the height of the vehicle load. Controller 302 
saves the height signal for use in later computations. 

[0055] In block 406, controller 302 reads the load signal generated by load 
sensor 304 that varies with the load applied by the implement (such as bucket 
114) coupled to the loader arms. Controller 302 saves this signal for us in further 
computations. 

[0056] In block 408, controller 302 determines the drive signal to apply to 
drive pumps 202 and 204 in response to the operator commands. If the 
particular vehicle operating conditions indicate the vehicle is going too fast, has 
too great a load, or has the load raised too high as indicated by the signals from 
the speed, height and load sensors (see TABLE 1), controller 302 derates or 
reduces the drive signals applied to the drive pumps to make the vehicle turn 
slower, accelerate slower and decelerate slower. 

[0057] In block 41 0, controller 302 applies the drive signal to each of 
hydraulic pumps 202 and 204, which in turn drive the wheels 104. 
[0058] In accordance with the present embodiment of the invention, we 
have disclosed a control system for a skid steer vehicle that reduces, attenuates 
or derates the vehicle 1 ? response to operator commands based upon vehicle 
operational conditions including vehicle speed, load height and load magnitude. 
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